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The current activity is an extension of the Orbital Transfer Vehicle Concept Definition and System 
Analysis Study that was initially awarded in July, 1984. The viewgraph shows key characteristics of the 
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PROPOSED IN THE CIVIL SPACE LEADERSHIP INITIATIVE (CSLI) PROGRAM 
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PREFER ACC OTV & SCAVENGING TO PROP LOGISTICS VEHICLE 
TRANSITION TO MAN RATING AT SPACE BASE IOC 




We have concluded that the preferred Orbital Transfer Vehicle program in the era where a large 
vehicle is available and Scenario 2 missions are to be performed will be as summarized in the facing 
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NOMINAL C/V OTV PROGRAM 
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This viewgraph shows the general arrangement and breakdown of our selected 
expendable configuration which will be used in either a sidemount.or inline LCV 
payload element. 



co 










LCV EXPENDABLE OTV 





This figure shows the ASE components and weight breakdown for the LCV expendable 
OTV Inline configuration. The ASE equipment (skirt, support beams, and hardware) 
is the same structure as on the ACC. 
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LUNAR TRANSFER COMPARISONS . 

A study was performed in order to determine the optimum strategy for delivering payloads to the lunar surface. 
Performance calculations were conducted for candidate mission scenarios for the 40 Klfcm payload delivery 
mission. 
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CONCLUSIONS 

Within the constraints of this study, two major conclusions were reached. 
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AEROASSIST CLASSES 



1) AEROENTRY ERROR ASSESSMENT 

2) CONTROL & LOADS DATA CHART 

3) HEATING DATA CHART 




INCLINATION TURNS VIA AERQASSIST 
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LARGE INCLINATION CHANGES VIA AEROASSIST 





LUNAR LOADS, L/D =0.14 

This chart shows the peak load profile spanning the control corridor for a vehicle returning fran the moon with 
an L/D of 0.14 to a Space Station pickup orbit at an altitude of 245 nm. By utilizing the upper 5.5 nm for 
flic^it, peak loads are reduced to 4.0 g's. 
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LUNAR LOGISTICS IS THE PRIMARY DRIVER 

TWO 98KLB STAGES CAN DELIVER 40KLB TO LUNAR SURFACE 
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PROGRAM & MISSION OPTIONS 
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DRIVER MISSIONS 



OPTION # 4: BASELINE SCENARI01 + LUNAR INITIATIVE 
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OTV PHASED GROWTH - BASE SCENARIO 
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OTV PHASED GROWTH - EARTH INITIATIVE 

















PLANETARY INITIATIVE 
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OTV PHASED GROWTH - UNMANNED PLANETARY INITIATIVE 
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OTV PHASED GROWTH - LUNAR INITIATIVE 
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OTV GROWTH SUMMARY 
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FULL DEVELOPMENT PROGRAM 




GEO SERVICING CONFIGURATIONS FOR OTV 
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GEO SERVICING CONFIGURATIONS FOR OTV 



SRV - SHORT RANGE VEHICLE 
SFE - SMART FRONT END 
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OMV SHORT RANGE VEHICLE (SRV) CAN BE USED AS A RENDEZVOUS CAPABILITY KIT 
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LARGE INCLINATION CHANGES VIA AEROASSIST 
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LARGE INCLINATION CHANGES VIA AEROASSIST - PERFORMANCE 
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LUNAR PROFILE - DIRECT ASCENT 
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LUNAR PROFILE - LUNAR ORBIT 
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LUNAR LIBRATION POINTS 



MA Ft TOM AT A Ft!ETTA 






S' QJ A 8 

rH -H £ 4-1 'W 

* 

, p CD _ P p 
H T3 CD (d 
d) Jh M 


II a 


CO -H -H > £ P 
-H CO 3 u p C 

d) *r-i 

CO p C CO C 

u si? 

• -h co 2 m d) 


rH 

o cx 


C M g 
3 CD o • 

H M (0 


> 00 ^ 8 ^ 

& <H *H 4J ^ ,0 „ 

«n|iil 

S 8 I!«* 8 * 

_ X 3 - O 


22 

(d *H rH 

p 3 

01 2 8 


Sag 

4^.2 


*15111 

|- 5 1 « 8 

CO -H rH 


as” 


P fd Q p 
<d > S co 

l|sl 

<h !d x: <D 




co <d X! co 
CD £ P <0 

•H p O H 


•H CD rH 
O *H O 

y ° * 5 'd 


p H U • > 

^ !ill 

a>riS 

^°Sc 

tjssr^ 

tl p xj cu ^ 

CO -H p P C 


• H ^ P 


sl! 

is .a 


||f a 

In* 

p co p & 


136 


LUNAR PROFILE - LI STATION 
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EARTH ESCAPE VELOCITIES 
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MANNED MARS MISSION LOGISTICS SUPPORT 
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AFT CARGO CARRIER OTV 
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MAJOR HAZARDS / ASSESSMENT 
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GROUND-BASED LH2/LO2 SCHEMATIC 
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ASCENT VENT REDUNDANCY 








Within the constraints of this study, two major conclusions were reached. 
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DACC SHROUD WEIGHT COMPARISON 


I 

I 


V 

3 

o 

u 

X 

CO 

T 5 
0 ) 
N 


P 

O U 

CL P 

3 o 

CO 3 


U 

co 2 
CO CL 
0) 

u V. 

3 u 

d) M 

x-* 

4-) ^ 
^ CO 


H 

P 

CO 

<U 

e 

to 

CO 

a> 

x 

P 

T 3 

<1) 

CO 

3 


<4-4 


3 

M 

O 


CO 

. . G . 
fO O' co 
^ ’ H C 
co o 

T3 p 

m __ <0 

lisa 

o *d PQ "H 

w e p 


c 

o 

CO 

-H 

M 

m 


c 

o 


T3 5 

m «» w u 

g||K 

III 

g-o o 8 

£ 25ii 

£ O u 

P CO X> 

^,-1 s_i 

g 3 >2 o. 

S m o 
S t3 -H 
2 <1> ® 

^ « -H J 
N _i T3 

II «.S 

-C co 5 
co co CO 
<D ^ P 


cn 

c 


M 

to 
x <u 
o x: 

P 
CO 


M Jh 

aS| 


0) 


CO 

6 


-H T 3 fO 

X C “ 

Eh oj 


<1) <1) 
X H 


OJ d) 4J <D 

•8 ^ 

«iJo§ 

,c u 

»s«§ 

s*ss 

CL ^ N 

ojS 

aa-3S 

01 -H CO 
rj 2 M <U 
rdJM 
H «u> CO Q* 

h aj ^ 

•H O ? ^ 

s 3 > 

o °* ° 

1 ^ "O M-l 

€ . 3 ® 

•o S tj t) 

2 3 « « 

0) tj w ' w 

> 8 « v, 

■a sg« 

^« c g* 

° . X *H 

cn 2 m g 

w £ 2 Q 

g - C0 .h 
O T 3 3 
U <1) co ° 

T 3 rH rt <D 

O £ ^ P 

U 

£ • 4-> 

w (1) XJ o 
• 8*82 
T 3 -o 2 

*22§ 

5S ffl .o . 

« r « O to 

® u a " 

y w 3 O a) 

a <° ® ^ fl 

H $* r* CL 

to 32 a s 

4J C GTl o 

<u co mr * d) 

g H 4J c 
- <D -H G 

<d a c g -h 
^ <TJ (0 O'xJ 
Eh o CLP P 


tj\ £“• 

c 


P 

CO 

•H 

CO 

c 

o 

o 

a; 

M 

3 

P 

O 

3 

P 

CO 

A 

O 

-H 

§ 

CO 

(O 

CO 


CO 

co 

CO 

0) 

> 

M 

a) 

CO 

o 

CO 

rH 

<0 

A 

a 


CVd 
H -S 


0) 

> 

O 

0) 

p 

CO 

T 3 

O 


T 3 

C 

C 0 

CO 

a) 

p 

•H 

CO 

o 

i 

o 

Jg 

Eh 


P 

cO 


X3 

>ig 

X H 

8,-3 

“I 

<D T 3 

P 


T3 
3 
O 


CO 


XI 

a a 

B> <o 

•H ^ 
P CD 

a 


o 

u 

T 3 

3 

O 

H 

X 

co 

0) 

P 

-H 

CO 

O 


O 

O 

X 

Eh 


CO 

a> 

x 

p 

Cn 

G 

H 

N 


I 

P 

CO 

>1 

CO 


o 

u 

p 

c 

o 

a 


rH 4J 

co 3 

H O 

<D P 

ij 

c 5 

• H c 
, o 


u 
3 
co 
co 
0) 

U ,—i 

a « 
£ 


u 

a) 

A 

p 

(D 

A 

P 


I 


•H O 
P 

■H 4-> 
C M 
tji <0 
■h (i 


CO -H <V 

a) co tr* c 

o o c 

•8 

2 8^ 
a ° w 0» 

a) ^ +i -h 

O J_J Jj 

c ^ m 
0 £ -h c 

M ft <U -H 

<u n s e 
p o *h 
p A «H 

33 4J ^ a) 

! < SS’ 

) . 00 -o 

m s 

S O ^*3 

O) 

o « o OT 

® 5 " H 

* H -H " g, . 

w “ T3 

a 1 3 c § 

g o s % « 

U H) J 1,1 HI 

XI P r- P 
C *J -P ^ -H 

Cn ^ co 
■H M C O 

CO o to CL 

a) p xi • g* 
T3 P o ° 
x 2 o 

G a) t; a) 
2 CO -H § x 

o5 ° > o p 

^ CM'o3 W 
aJ . <Dd5 

o Jh (D . 

s 2 ■£ c 

P m ^ P O 

2 -H 

x g ^ x m 

P 5 CO P N 

H -H 

cn t H C u 

S a) * H 3 

p lJ — cn 

P ^ 3 T3 co 

(d -H H <D m 

P 0) p N s 

CO S O -H a 

G p H 

m P M 03 u 

H 0) P d) O 

Eh C CO ^-i P 


168 






DACC SHROUD WEIGHT COMPARISON 


ill 

H 

55 

o 

a. 

2 

o 

a 


CD 

co d 

$ £ 

UJ O 

a lu 


Q 

111 

N 

£ 

CO 

CO 

111 

GC 

a. 


GO 


g 

LU 

5 


a 

LU 

N 

-I GC 

< 3 

tg 

a. 


CD 


g 

LU 

5 


O^- 


-►o 


r^oo^oooN 

CO CM O CM 

+ CO + 

+ 1 


CM 

+ 


CM 


co co cm m co co 

in in cm cm in co 

in r r- r- *T ^ 

CM CO 


CO CM r Tf O) 

^ co r" in 
cm cm in 


^ o co 
h- CM CM 
CO 


1^- 

O 

CM 


O 

CO 

o> 

m 


o> 

co 


co co cm m co co 

m n in cm cm in co 

lO r r r >0" 

CM CO 


i- CM r CO O) 
CO CO O) lO 
h* i- CO 


TT O 

o> 


N- 

h* CM 

a> 

O) 

h- 


CM 

CM 

h- 



cm 

in 


g 


o 

g K 

|SB 

Is! 

£§§ 


LU 

GC 

3 

5 

3 


> 

O 

X Hi z 
O o LU 
UJ Z O 

535 
£ z != 
o Q 5 

oc GC O 


£ 

(0 


I 

GO 

3 

CO 



>9 

in 


UJ 

O 


> 

o 




a 

x 

o 


o 

I 


UJ 

o 

z 

p 


o 

o 


I 

CQ 

3 

CO 



MANNED SPACE SYSTEMS 



MS $11 

U 2 *d CO 


' H & <H 

•H (0 <T5 


ill 



O </> 
<D 00 


a 98 


Ifla 


8.a“ 

O >1 *H 

Jj 4_J 

33 <0 to 

I M 9 

JJ O $ 
0) *n o3 

«J § <u 

C0 M 

ess 


170 















ORBITER-ET-OTV RELATIVE MOTION 
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ORBITER-ET-OTV RELATIVE MOTION 
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ACC OTV PROX OPS SAFETY SEQUENCE 


COMMENTS 

PURGE ENGINE & LINES 

REMOVE POWER FROM VALVES 
& ACTUATORS 

PERFORM DUMP 2 HRS FROM DOCK 
NO DUMP FOR 12 HRS 

VENT TANKS DOWN TO 16 PSI 

NO VENT FOR 4 HRS 

CLOSE VALVES AT ENGINES 

REMOVE POWER FROM VALVES 
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PAYLOAD LATCHES 
AVIONICS SUBSYSTEM STATUS 
POWER SUBSYSTEM STATUS 
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ACC OTV ON-ORBIT PAYLOAD INTEGRATION 
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ACS VELOCITY REQUIREMENTS = 71 FPS (35 LB PROPELLANT) 



ACC HARDWARE DISPOSAL 

This figure illustrates the operation of tankage and aerobrake disposal discussed on the previous chart. 
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ACC HARDWARE DISPOSAL 
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PAYLOAD BAY VOLUME SAVINGS - LH2 TANK JETTISON 














ACC OTV RETURN RECOMMENDATIONS 
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DELIVERY OF LARGE STRUCTURES, LOW DENSITY P/L’S, CRYO FLUIDS 
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ENHANCEMENT COSTS PER LBM PAYLOAD IMPROVEMENT 
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ENHANCEMENT DEVELOPMENT TIMES 
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PAYLOAD TO GEO WITH STS 






REUSABLE VEHICLE PAYBACK OVER EXPENDABLE 
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TECHNOLOGY DEMONSTRATION OPPORTUNITIES 
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74 K SPACE BASED CRYO OTV 


LU O X 
□ u < 
« QC O 


JOU 
O CJ —» 

^03? 

LU 31 Q£ 
HOU 
mUU 
X >■ OO 
CL LU X LU 
< Z i— —I 
QC O —* ~ 
O I 3h 


Z Q 
OLU« 

J Jl 
C C CL LU 
UU<2 

« oo a: < 
Z C3 OC 
O Lu 

>- z z 
j<Ou 
a. a 


JL.X J 
X LU O 

X az a- 



«* 2 X' 

wao ^ 

*-• o —* ^ x 

QC tu LU a. X ' 

GO I— *-< >• 5 ; 

LU LU X h- 2 

O X t/1 w 5 


SjgSSS 

O 00 CM •'T CM 


51 o^o 

i— r> cc S or 


> I 

C/3 Z 

lli 

y o 

£ o z 


^ 3czujo2t 

lEits!i z .3 

HComSOiuOU 








w o 


4-4 


CL) U 


4-1 


8 ** 



3 o -H 

4J V CO 

co u co 


a < 


•5 '' o 

<0 ^ 4-1 

£<2 8. 


£ 

u£ 

-O 

3 $ 

ft! 

£1 

1? to 


5? fei 

&& 


o 

£ 

4-1 

U 

g 


«o 

8l 

r—l 44 

O <D 

1|. 

U U -H 
CD ,0 

4-4 CO W 
W *H O 


CO M 

<d a 


o 

u 


fj?tf 

8 r 


CO • 4-1 
4-1 

4 *H M 
111 




io 
u o 
rl -u 


3 

CO 



<0 


w 3 -5 

a) _ m 4J 


M 0) 
co i5 


UJ W VU 

£" " 


o 

■6 


co a> 

ill 

i 3 
cO h4 CO 
<D CO M 

u££ 8. 

0 4-14-10 

4-1 CO 
O -H 0) 

*8 w 8*3 

U >»H 

||l | 

O eg aj 
w t5 'O 

-H TJ ‘o 8 

^ >1 C 4-> 
O !-» 


4-1 O 


3 S * 

,C -H* 


■H* O 
CO 

CO 4-1 


a-'a I 

CO CO O 

Sfla 

iM 

(D (D O 4 

£%%% 

P £ CO 0) 


o 

CO 

<N 


the Moon. 









LUNAR TRANSFER COMPARISONS 
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Various mrv*** of lunar transfer were investigated for advanced missions, live first, shown here, is a direct 
transfer fran low Earth orbit to the surface of the Moon followed by takeoff and direct injection into a trans- 
Earth trajectory. An aeroassist maneuver is utilized at the end of the mission to brake into a low Earth orbit. 
Velocities derived for this mission consist of Trans-Lunar Injection (TLI), Lunar Landing, Lunar Takeoff and 
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LUNAR PROFILE - DIRECT ASCENT 
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LUNAR LANDING GROUNDRULES 
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LUNAR LANDING GROUNDRULES 
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THRUST LEVELS FOR LUNAR LANDING 

















LUNAR LANDING ENGINE CONFIGURATIONS 
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LUNAR LANDING ENGINE CONFIGURATIONS 
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LUNAR LANDER DELTAS 
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LUNAR LANDER DELTAS FROM 98 K TRANSFER VEHICLE 
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98 KLBM SPACE BASED LUNAR LANDING VEHICLE 
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98 KLBM LUNAR LANDER AND EARTH RETURN VEHICLE 

-- 1 98000 Ibm PROPELLANT 
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LUNAR LANDING ENGINE COMPAR' 
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lunar landing engine compartment 
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DEDICATED LUNAR LANDER 


ORIGINAU PAGE SB. 
OF POOR QUALITY 













LUNAR DELIVERY OPTIONS 
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LUNAR DELIVERY OPTIONS / PAYLOAD CAPABILITIES 
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LUNAR OTV PERFORMANCE 



LOADED PROPELLANT PER STAGE - KLBM 






CRYO ENGINE THROTTLING FOR LUNAR LANDING 
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CRYO ENGINE THROTTLING FOR LUNAR LANDING 
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RL10A-3-7 PROPELLANT 
FLOW SCHEMATIC 



Cavltatlng Venturi 
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EXPANDER CYCLE THRUST RANGE DISCONTINUITY (4 ENG.) 








SOLUTIONS TO CRYO THROTTLING DISCONTINUITY 

The possible solutions to the thrust range discontinuity problem are as follows: 

a. Modify the heat exchanger circuit and engine control system to accommodate throttling through the thrust 
discontinuity without causing unacceptable instabilities and chugging. 
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SOLUTIONS TO CRYO THROTTLING DISCONTINUITY 
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SHUTTLE "C" OTV CHARACTERISTICS 
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PRESSURE AT IGNITION AND SHROUD GEOMETRY 
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STS STRUCTURAL DESIGN REQUIREMENTS 
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Factor of Safety 

• 1.4 for all internal & external loads 

» 2.0 for buckling 

Ignition overpressure = 0.9 psi (max.) 
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STRUCTURAL ANALYSIS SUMMARY 
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STRUCTURAL ANALYSIS SUMMARY 
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BATTERY SELECTION 
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This viewgraph shows the general arrangement and breakdown of our selected 
expendable configuration which will be used in either a sidemount or inline LCV 
payload element. 
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ASE FOR 50K OTV - SIDEMOUNT CONFIGURATION 
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ASE for 50K OTV SDV SIDE-MOUNT CONFIGURATION 
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This figure shows the ASE components and weight breakdown for the LCV expendable 
OTV Inline configuration. The ASE equipment (skirt/ support beams/ and hardware) 
is the same structure as on the ACC. 


< 1 > < 
x: 





308 




ASE for 50K OTV LCV IN-LINE CONFIGURATION 
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COMPARISON of LCV vs ACC OTV CAP LOADS 
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LCV OTV AIRFRAME STRUCTURAL ANALYSIS 
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1) AEROENTRY ERROR ASSESSMENT 

2) CONTROL & LOADS DATA CHART 

3) HEATING DATA CHART 
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AEROASSIST CONDITIONS - EARTH ENTRIES 
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AEROASSIST CONDITIONS - MARS ENTRIES 
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LUNAR AERO-ENTRY ERROR ANALYSIS 
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CO 


03 


M U 


366 
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MARS CAPTURE ERROR ANALYSIS 
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MARS CAPTURE AERO-ENTRY ERROR ANALYSIS: C 3 = 8.2 
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MARS CONTROL & LOADING PARAMETRICS 
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MARS CAPTURE, C3=8.2 - CONTROL & LOADS 
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MARS CAPTURE, C3=8.2 - HEATING 
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MARS CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=13 
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CONCLUSION: 8.12 N.M. CONTROL CORRIDOR REQUIRED TO COVER ERRORS WITH 33% MARGIN 
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MARS CAPTURE, C3=13 - CONTROL & LOADS 
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MARS CAPTURE, C3=13 - HEATING 



BALLISTIC COEFFICIENT ( LB / FT 
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MARS CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=31 
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MARS CAPTURE, C3=31 - CONTROL & LOADS 
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BALLISTIC COEFFICIENT (LB/FT 
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MARS CAPTURE, C3=60 - CONTROL & LOADS 





MARS CAPTURE, C3= 60 - HEATING 
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EARTH CAPTURE ERROR ANALYSIS 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=8 







■mis figure shows the aeroentry data base for the Earth capture phase. As in the Mars capture phase this 
includes data on lift up and lift down trajectories for vacuum perigees (whose difference yields control 
corridor), and deceleration loads. 
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EARTH CAPTURE, C3=8 - CONTROL & LOADS 








s figure shows the aeroentry heating data base for the Earth capture phase. As with the Mars capture phase 
.s includes convective heating data for lift \jp and lift down trajectories. Both the peak stagnation point 
iting as well as the time-integrated heat flux values are shown as a function of ballistic coefficient. 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=16 
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EARTH CAPTURE, C3=16 - CONTROL & LOADS 
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EARTH CAPTURE, C3= 16 - HEATING 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=32 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=32 
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EARTH CAPTURE, C3=32 ■ CONTROL & LOADS 
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EARTH CAPTURE, C3= 32 - HEATING 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=68 
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CONCLUSION: 4.35 N.M. CONTROL CORRIDOR REQUIRED TO COVER ERRORS WITH 33% MARGIN 





! 




M 


cn 

M 

g 


I 




422 



EARTH CAPTURE, C3=68 - CONTROL & LOADS 
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EARTH CAPTURE, C3= 68 - HEATING 
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CONTROL VS AERO DELTA-V : EARTH RETURN 
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CONTROL VS AERO DELTA-V : EARTH CAPTURE 
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CONTROL VS AERO DELTA-V: MARS CAPTURE 



VELOCITY REDUCTION IN AEROASSIST ( FT / SEC) 
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MINIMUM L/D REQUIREMENTS FOR AEROASSIIST 
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LUNAR LOADS, L/D =0.14 

■mis chart shows the peak load profile spanning the control corridor for a vehicle returning frcm the moon with 
an L/D of 0.14 to a Space Station pickup orbit at an altitude of 245 nm. By utilizing the upper 5.5 nm for 
flight, peak loads are reduced to 4.0 g's. 
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LUNAR LOADS, g-RELIEF: L/D = 0.14 
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LUNAR AERO LOAD RELIEF 



GIVES ACCEPTABLE LOADS 
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LUNAR AEROBRAKE CHARACTERISTICS 










rizes the basic subsystem weights for the lunar and GED return aerobrakes used on the space 
lunar brake weight was then used in performance assessments of OTV lunar logistics. 
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